ABSTRACT.-Widespread amphibian declines and habitat fragmentation, coupled with advancements in tracking, have sparked increased emphasis on studying movements and the use of terrestrial habitats by amphibians. Peñ alara Natural Park, Sierra de Guadarrama, Central Spain, provides habitat for a number of amphibians that use upland sites. In response to increased pressure on habitat in this region by tourism, we used 4 months of radiotelemetry data for 17 adult Common Toads (Bufo bufo) to characterize the terrestrial movements, assess the factors influencing these movements, and determine the distribution and cover characteristics of summer refugia for these toads. We found that: 1) movements were most pronounced following the breeding season in June, and adults made movements of up to 470 m away from breeding sites, 2) movements were not influenced by basin size, climatic variables, or the sex of the individual, 3) the amount of terrestrial habitat used by toads ranged from 245 m 2 to 2.5 ha, and 4) within these areas toads most often used rock piles and juniper patches (Juniperus communis nana) as cover during the summer. Our study emphasizes the importance of considering terrestrial landscapes when developing conservation strategies, and we suggest that a buffer of minimal development extending 550 m from the shoreline of each natal pond be considered when conservation plans are developed for Common Toad habitat in Peñ alara Natural Park.
Widespread amphibian declines and habitat fragmentation, coupled with advances in tracking technology (Giugiolli and Bartumeus, 2010) , have sparked an increased emphasis on studying amphibian movements and the use of terrestrial habitats (e.g., Semlitsch, 2008) . Amphibian movement behavior and patterns in habitat use have important implications for studies of metapopulation structure (Gill, 1978; Skelly et al., 1999; Smith and Green, 2005) , spatial modeling (Fortuna et al., 2006; Giugiolli and Bartumeus, 2010) , and conservation management (Semlitsch, 2002; Semlitsch and Rothermel, 2003; Todd et al., 2009) .
Peñ alara Natural Park (Peñ alara), Sierra de Guadarrama, Central Spain, provides habitat for a number of pond-breeding amphibians that use upland sites. This park experiences high tourist visitation, and the construction of hiking trails and concentration of human activity around breeding ponds has the potential to encroach on important movement corridors and terrestrial habitat for amphibians. The fungal pathogen, Batrachochytrium dendrobatidis (Bd), responsible for the infectious disease chytridiomycosis, infects each anuran species in the park (Bosch and Martinez-Solano, 2006; Garner et al., 2009) , placing these communities at additional risk. Despite these threats, neither the terrestrial movements nor habitat use by any amphibian species in the park has been assessed.
Common Toads (Bufo bufo) in Peñ alara are well-suited to movement studies. Their large size, slow locomotion, and rough epidermis facilitate the use of radiotelemetry, and their robust population size and consistent breeding patterns aid in initial capture. Common Toads are mostly terrestrial (Sinsch, 1988) ; individuals only congregate in breeding ponds once each spring (late April-early June; J. Bosch, unpubl. data) . After breeding, the toads migrate over land to terrestrial refugia where they remain for the summer season (Sinsch, 1988) . Toads tend to locate terrestrial refugia that provide optimum protection from predation and desiccation and access to prey (Indermaur et al., 2009) . Common Toads are a particularly vagile amphibian species (Semlitsch and Bodie, 2003) . Prior studies have reported net distances traveled after breeding to be from 1 km (Sztatecsny and Schabetsberger, 2005 ) to 3.6 km (Moore, 1954) . Air temperature (Sinsch, 1988; Indermaur et al., 2009) , air moisture (Sinsch, 1988) , and sex and size of individuals (Arntzen, 1999; Bartelt et al., 2004; Bull, 2006) may influence the patterns of terrestrial movement by Common Toads.
We radiotracked adult Common Toads in Peñ alara from the end of the breeding season into the summer foraging period in 2009. Our objectives were to 1) characterize the spatial and temporal patterns of terrestrial movement during postbreeding migrations and summer foraging, 2) assess the influence of environmental factors, landscape features, and individual traits on terrestrial movements, and 3) identify the range of terrestrial habitat and types of cover used for summer refugia for Common Toads. We then used the results of this study to formulate management recommendations to conserve this species in Peñ alara. Mark-recapture data from Common Toads at breeding ponds showed strong site fidelity among individuals (J. Bosch, unpubl. data) , typical in Common Toads (Reading et al., 1991) and amphibians in general (Smith and Green, 2005) . Thus, we hypothesized that movements and habitat use would be confined to breeding pond basins.
MATERIALS AND METHODS
Study Site.-Peñ alara is a 768 ha protected area that ranges in elevation from 1,800-2,430 m above sea level (a.s.l.) and is 66 km north of Madrid. There have been 242 ponds documented in this protected area. We focused on five of the ponds (elevational range: 1,956-2,175 m a.s.l.) where Common Toads breed annually: Laguna Grande (LG; elevation: 2,018 m a.s.l), Laguna Chica (LCH; elevation: 1,956 m a.s.l), Laguna de Pajaros (LP; elevation: 2,175 m a.s.l.), Charca de la Mariposa (CHM; elevation: 2,136 m a.s.l.), and the Charca Larga y de las Piedras (CHLP; elevation: 2,110 m a.s.l.). The surrounding terrain consists of granite outcrops and alpine grasslands at higher elevations and heathland and pine forest at lower elevations. Nine other species of amphibians are found within the park: Salamandra salamandra, Mesotriton alpestris, Triturus marmoratus, Bufo calamita, Hyla arborea, Alytes obstetricans, Discoglossus galganoi, Rana iberica, and Pelophylax perezi (Martinez-Solano et al., 2003) .
Sampling.-We captured toads using dip nets while walking the perimeter of the ponds at night during the end of the breeding season (29 May-2 June 2009). We recorded sex, mass, snout-vent length (SVL), and passive integrated transponder (PIT) tag numbers. If animals did not already have a PIT tag, a new tag was inserted underneath the skin of the dorsal side. We created an incision with a sterile razor blade and inserted the tag with a sterile syringe (Microplus, Insvet Inc., Esplus, Huesca, Spain). The incision was then closed with super glue. Transmitters (Bd-2 model, Holohil Systems Ltd., Canada) were attached either externally (N = 9 males and 2 females) or subcutaneously (N = 7 males and 5 females) ( Table 1) . For external attachment, we glued transmitters with helical antennae to aluminum chain belts (Rathburn and Murphey, 1996) which were then fitted around the waist of the toad. Subcutaneous transmitters, which lacked helical antennae, were inserted underneath the skin in the lateral side using the same procedure as described for PIT tag insertion. We positioned transmitters so that rubbing with muscular, skeletal, and other sensitive body parts was minimized. While anesthesia has been used during transmitter implantation (Miaud et al., 2000; Eggert, 2002) , these studies surgically implanted transmitters into the body cavity of toads. Because our insertions were subcutaneous, and considering the sturdy body structure of Common Toads, we determined that the added handling and risk involved in the use of anesthesia was unnecessary. We inserted transmitters in the field except in adverse weather, when we used a laboratory at the park. Two sizes of transmitters were used: small (1.4 g; average battery life 9-14 wk) and large (1.9 g; average battery life 11-17 wk). The size of the transmitter was matched to the mass of the toad such that all transmitters weighed less than 5% of the body mass of the individual. If transmitters were placed on toads in the field, they were released at the location of capture immediately following attachment. If transmitters were placed on toads in the laboratory, they were released on the shoreline of their breeding pond on the following morning. Toads with both subcutaneous and external transmitters showed signs of normal behavior (burrowing in small rock crevices, undergoing amplexus). Based on these observations and similar reports by other radiotracking studies of toads (Miaud et al., 2000; Eggert, 2002) , we considered the behavioral effects of transmitters to have been minimal.
Data Collection.-We used radiotelemetry to follow the movements of Common Toads between 29 May and 23 September 2009. Signal range for both subcutaneous and external transmitters was sufficient to span the entire basin of each study pond. We located each individual during daylight (0800-2000 h) using a TR-4 receiver (150/154mH, Telonics, Inc., Mesa, Arizona). If no signal was detected within the respective basin, we attempted to obtain a signal in all adjacent basins. Locations were recorded using a Garmin eTrex HCx Global Positioning System. To assess the use of terrestrial habitat, we described the dominant cover of a 1-m 2 area surrounding each capture location and noted whether the animal was exposed (not protected by cover), unexposed (beneath cover), or in the breeding pond.
Data Analysis.-Field data were referenced spatially using Geographic Information Systems (ArcGIS 9.3) software. Only individuals located at least eight times were used in the analysis. We defined terrestrial movement as the change in spatial position between two locations. Movements <10 m in length were assigned zero values to correct for GPS error. We calculated: 1) incremental movement distance (IM; distance moved by an individual between each location), 2) maximum net distance of toads (ND; longest Euclidian distance that a toad was located from the breeding pond), and 3) movement rate. On average, we were able to locate each individual once per week and report the movement rate as meters per week. Our sample size was not sufficient to permit reliable parametric statistical analysis. Instead, we used nonparametric statistical tests to detect differences in each movement variable (mean IM, max IM, ND, movement rate) between sexes, between transmitter type, and between transmitter size (Mann-Whitney U-test); differences in movement among the months of location (Friedman test); and correlation between movement rate and study week (Spearman's rank and correlation). Because the movement patterns did not differ among breeding ponds (Kruskal-Wallis test H < 5, df = 4, P > 0.28 in all cases), movement data were pooled across sites for statistical analyses.
We calculated weekly mean air temperature, mean precipitation, mean humidity, maximum air temperature, and minimum air temperature from the Peñ alara Natural Park meteorological station's daily data records. These data are representative of each basin in the study area. We calculated the Spearman rank correlation coefficient to determine relationships between each of these variables and the weekly mean IM and between weekly maximum IM of tracked toads.
Referencing a Digital Elevation Model, we used ArcGIS to delineate basin boundaries and calculate basin size. The basins surrounding the breeding ponds varied in size: 47 ha (LG), 3 ha (LCH), 49 ha (LP), and 63 ha (CHM). We used a Kruskal-Wallis test to determine the relationship between basin size and movement distance.
We quantified the range of terrestrial habitat used by calculating the minimum convex polygon (MCP) area with the ABODE home range tool (Laver, 2005) . Because of the limited quantity and temporal scope of our data, we did not attempt to draw conclusions about the home range of Common Toads in Peñ alara. Instead, we used the MCP area as a general spatial framework within which to guide conservation efforts and future studies. We classified microhabitat cover into seven categories based on the types encountered during data collection: grass, leaf litter, exposed soil, rock pile, rock outcrop, common juniper (Juniperus communis nana) shrubs, and water. We used a Friedman test to detect differences in cover used by toads.
RESULTS
We tracked 23 toads over a period of 88 days (Table 1) . One transmitter was never detected (one female from LCH), one male was found dead after more than 1 month of locations, and three transmitters were shed (one male and two females, after 4, 18, and 16 days, respectively). The recovered transmitters (N = 4) were re-used on additional toads (Table 1) . Seventeen of the 23 toads (74%) were located at least eight times throughout the tracking period and were used in the analysis. We located 17 individuals 246 times, but one of the toads was captured after the breeding season and away from the breeding sites, and was thus omitted from the ND analysis. Therefore, we assessed ND for 16 toads. The number of locations, mean IM, maximum IM, ND, and movement rate did not differ between toads with subcutaneous transmitters (both sizes) and those with external transmitters (Z > -1.62, P > 0.11 in all cases) or between toads with large transmitters (1.9 g) and those with small transmitters (1.4 g; Z > -1.36, P > 0.20 in all cases).
The overall mean IM was 25.08 m (N = 246; SD = 12.97 m). The longest IM (387.14 m) was made by a female from CHM (Fig. 1) . Shorter IM were made more frequently, however (Fig.  2) . The mean ND throughout the tracking period was 171.36 m (N = 239; SD = 122.38 m), whereas the maximum ND reached by toads was 205.61 m on average (N = 16; SD = 132.25 m). The longest ND (470.15 m) was achieved by a male toad from LCH (Fig. 1) . Mean ND did not differ between sexes (Z = 1.09, P = 0.32) or from month to month (v 2 = 0.49, df = 3, P = 0.92). Mean and maximum IM differed from month to month (v 2 > 15.24, df = 3, P < 0.01 in both cases) with the longest movements occurring in June. Mean and maximum IM between males and females did not differ (Z > -1.46, P > 0.17 in both cases).
The overall mean movement rate was 29.29 m/week (N = 16; SD = 30.70 m/week). The highest mean movement rate (122.49 m) occurred in week 3 (12-18 June 2009), and mean movement rate decreased through time for the extent of the study (rho = -0.49, P = 0.04). We did not detect differences in mean movement rate between sexes (Z = -0.69, P = 0.50). Yet, the mean movement of male toads was only correlated negatively with study week (rho = -0.57, P = 0.02), whereas no correlation between mean movement and study week was observed when only female toads were considered (rho = 0.04, P = 0.89).
There was no correlation between weekly mean IM and any of the climatic variables assessed (mean weekly air temperature, maximum weekly air temperature, minimum weekly air temperature, mean week humidity, and mean weekly precipitation; rho < 0.04, P > 0.05 in all cases). We found no correlation between weekly maximum IM and any of the climatic variables, either (rho < 0.04, P > 0.05 in all cases).
The mean MCP area of terrestrial habitat among all individuals was 0.67 ha (SD = 0.75 ha). We found no relationship between MCP area and basin size (H = 3, df = 3, P = 0.36).
Toads were found exposed (i.e., not under cover) in only 6.9% of the 235 locations. Seven individuals were found under cover on 100% of occasions. Frequency of locations differed among cover types (H = 615.48, df = 5, P < 0.01) and toads mostly used rock piles as cover (N = 132 for males, 48 for females). On 27 occasions (N = 22 for males, 5 for females), individuals were found within patches of J. c. nana shrubs. Other cover types were used as refugia, but only rarely (grass, N = 5 for males, 4 for females; soil, N = 6 for males, 0 for females; leaf litter, N = 2 for males, 0 for females; and fissures within rock outcroppings, N = 6 for males, 0 for females).
DISCUSSION
Although the movements and use of terrestrial habitat varied among Common Toads in Peñ alara, we can draw some general conclusions about their spatial and temporal dynamics. Toads travel the farthest distances and at the highest rates during June, movements which likely represent postbreeding migrations (Sinsch, 1988) . Because the greatest distances moved occurred shortly after transmitter attachment or insertion, we cannot rule out the possibility that handling influenced toad behavior and triggered longer distance movements. Sztatecsny and Schabetsberger (2005) also tracked Common Toads in a montane region. They reported longer movements (1 km) from breeding sites despite a shorter study period (MayJune). Other studies tracking Common Toad movements report even longer distances moved from breeding sites (3.6 km [Moore 1954 ]; 3.0 km [Heusser, 1969] ; 1.6 km [Sinsch, 1988] ). These latter studies were focused on submontane populations, however, where the later onset of cold weather and less-extreme topography may have allowed for longer movements (Monsen and Blouin, 2003; Funk et al., 2005; Giordano et al., 2007) . Our failure to detect sexual differences in movement patterns TABLE 1. Transmitter specifications and toad characteristics. Breeding ponds: CHM = Charca Mariposa, LP = Laguna de Pajaros, CHLP = Charca Larga y de las Piedras, LCH = Laguna Chica, LG = Laguna Grande. Fates: A = toad was alive at the end of the study; M = toad died before the study ended; Failed = either the transmitter, the battery, or both failed before the end of the study; Shed = the transmitter fell off the toad before the end of the study. *Denotes toads that were not used in analysis due to <8 number of locations. contrasts with other studies of bufonid movements (Muths, 2003; Bartelt et al., 2004; Bull, 2006; Goates et al., 2007) but is supported by general trends for anurans (Smith and Green, 2006) . Considering our male-biased tracking and limited dataset, the possibility exists that sexual differences in Common Toad movements in Peñ alara may emerge with further study.
As we hypothesized, movements were confined to breeding pond basins. Interestingly, the one toad that moved to an adjacent basin was from the smallest breeding pond (LCH; Fig  2) . This pond is also the only body of water studied that completely dries out during the summer months. Such impermanence may stimulate toads to move over broader terrestrial areas in search of resources (Fortuna et al., 2006; Kopecky et al., 2010) , though not all toads tracked from LCH moved exceptional distances. A preliminary analysis of population genetics of Common Toads in Peñ alara showed limited gene flow among breeding ponds (Martínez-Solano and Gonzalez, 2008) and further corroborates our hypothesis of limited movement. In addition, mark-recapture data from Common Toads in Peñ alara reflect high site fidelity with only a single adult Common Toad switching breeding ponds between breeding seasons in the past 5 yr (J. Bosch, unpubl. data) . Strong breeding pond fidelity of Common Toads has been observed at other sites (Reading et al., 1991) and is a common characteristic of pond-breeding amphibians in general (Smith and Green, 2005) . Though a recent range extension of toads into the park has been reported (Bosch and Rincon, 2008) , such interpond movements (i.e., dispersal) may be infrequent, precluding detection during our study (J. Bosch, unpubl. data; Martínez-Solano and Gonzalez, 2008) . Furthermore, our study only sampled adult Common Toads, and dispersal in amphibians is associated primarily with juveniles (Gill, 1978; Smith and Green, 2005; Semlitsch, 2008) . To thoroughly understand dispersal dynamics in Common Toads, more information on juvenile movements is needed.
Also in contrast to earlier studies, the postbreeding and summer foraging movements of Common Toads in Peñ alara are not influenced by the landscape (i.e., basin size). Though landscape characteristics such as topography (Funk et al., 2005; Giordano et al., 2007) and altitude (Giordano et al., 2007; Martinez-Solano and Gonzalez, 2008) are known to influence long-term movement patterns over broader geographic areas, such features do not appear to play a major role in short-term movements. In support of this argument, Sztatecsny and Schabetsberger (2005) found that seasonal movements of Common Toads at times followed steep slopes and even vertical cliffs when less-drastic pathways were present.
Weather patterns (i.e., mean temperature, precipitation, humidity) do not influence the movements of Common Toads in Peñ alara, either. However, we analyzed only weekly weather patterns, a scale that may be too coarse to detect influences of weather for our short study period. Previous studies have also reported that air temperature can be an important factor in prebreeding migrations of Common Toads to ponds (Wisniewski et al., 1981; Gittins, 1983; Sinsch, 1988 ). Yet, in accordance with our findings, these same studies failed to detect such a relationship for postbreeding migrations. Because temperature is higher during postbreeding migrations, other factors are likely more limiting during this time. Furthermore, habitats used by toads in Peñ alara are more humid than other loweraltitude sites, and Bartelt et al. (2004) suggested that movements are related to the local humidity at the time of the movement. Thus, Common Toads at Peñ alara may be influenced more by microhabitat conditions than by climatic conditions.
The movement dynamics of Common Toads likely function at multiple scales (Wiens, 1989; Levin, 1992; Indermaur et al., 2009) . Integrating the observations of our study and related movement studies, we suggest that local movements are comprised of seasonal migrations of adults to and from terrestrial refugia and minor movements around these sites. These shorter, more-frequent movements may be driven by the location of suitable cover, risk of predation, access to prey (Indermaur et al., 2009) , and in the case of prebreeding migrations to air temperature (Wisniewski et al., 1981; Gittins, 1983; Sinsch, 1988) . Regional interpond movements are likely infrequent dispersal events of juveniles and are influenced by landscape topography and altitude (Giordano et al., 2007; Martínez-Solano and Gonzalez, 2008) .
Common Toads in Peñ alara occupy a mean terrestrial area of 0.67 ha, though individuals may use up to 2.46 ha of terrestrial space. Within these activity areas, toads are most often located under rock piles and juniper patches. The mean area of Common Toad activity that we observed is much larger than the home range of Common Toads radiotracked in upland sites in Italy (mean = 0.06 ha; Indermaur et al., 2009 ), although differences in methodology preclude true comparisons. Investigations of other species of toads report varied results: the mean activity range of American Toads (Bufo americanus) in Maryland, USA was reported to be 0.07 ha (Forester et al., 2006) while Boreal Toads (Bufo boreas) in upland sites of Colorado occupied home ranges of up to 71.4 ha (mean = 13.8 ha; Muths, 2003) . This variation suggests that movement behavior is species-specific. Indermaur et al. (2009) found that the range of terrestrial space use is a function of habitat characteristics and prey density. Thus, we hypothesize that the density of rock piles and juniper bushes-the most-commonly used cover-affect the summer range of toads in Peñ alara. Other studies have found the terrestrial distribution of Common Toads to be associated positively with forest cover (Romero and Real, 1996; Sztatecsny and Schabetsberger, 2005; Hartel et al., 2008) . Our study area lacks forest and is dominated instead by alpine grassland. Rock piles and juniper shrubs are common and are likely the most accessible form of cover available to toads. Though forest may still be preferred by Common Toads in Peñ alara, in the absence of such cover, rock piles and juniper likely provide cover that is adequate to shelter individuals. Drawing conclusions about the factors that determine the activity range and terrestrial habitat use of Common Toads in Peñ alara is beyond the scope of this study, but our results may be combined with future studies that quantify the availability of different cover types and the prey density to identify such variables.
Our study emphasizes the importance of considering terrestrial landscapes when developing conservation strategies, echoing work in the United States that stresses the need for ground-truthing to determine buffer zones (Goates et al., 2007) . Furthermore, the fact that our results often contrast with findings of similar studies emphasizes the importance of using site-specific and species-specific data on movements and use of terrestrial habitat to inform conservation actions (Lemckert, 2004; Cushman, 2006) . Semlitsch and Bodie (2003) propose that conservation managers use movement data from pond-breeding amphibians to designate a buffer of core habitat surrounding ponds used for breeding in which development is highly regulated. To account for edge effects, Semlitsch and Bodie (2003) further recommend the application of a terrestrial buffer of moderately regulated development to extend beyond core habitat. Because Common Toads in Peñ alara moved in all directions away from breeding ponds (Fig. 1) , a buffer framework is relevant to our focal breeding ponds. However, adopting the standard 30.5-m buffer around breeding ponds, used by many environmental managers (Goates et al., 2007) , would only account for 7% of the locations that we observed. Conversely, implementing buffers of restricted development that would include all toad locations (500 m) may be impractical for tourism management. Fifty percent of our locations of Common Toads were within 150 m from their breeding pond, and toads were located within 300 m from breeding ponds 80% of the time. Thus, we suggest a 150-m core habitat buffer of highly restricted development and an additional 150-m terrestrial buffer of moderately restricted development encircling breeding ponds in Peñ alara. Managers should note, however, that Common Toads are capable of migrating much further distances. We expect that protecting rock piles and patches of J. c. nana within such buffers would enhance landscape suitability for the toads.
The proximity of Peñ alara to a large human population (Madrid), and the ongoing and likely increased recreational use of the park by humans, suggests that conservation actions may be necessary to ensure the survival of this native toad. Although the Common Toad is not as susceptible to chytridiomycosis as is the Common Midwife Toad, Alytes obstetricans (Bosch and Martinez-Solano, 2006) , negative impacts to the Common Toads' habitat may cause increased stress, potentially leading to greater impacts from this disease or from other perturbations (Garner et al., 2009) . Additional research into movements by Common Toads, especially juveniles, will further refine our understanding of habitat use, movement patterns, and the connectivity of the breeding sites of toads.
